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(57) ABSTRACT 

The bubble elevator includes an ori?ce intermediate 
between the air tapping point for entraining liquid and the 
top opening for ejecting the air/liquid mixture. The liquid 
can be ejected through the ori?ce When the tank has a loW 
liquid level and its content cannot therefore be entrained as 
far as the top, or on the other hand an additional suction of 
liquid can be produced. A bubble elevator is generally used 
to stir and hornogeniZe the liquid content of a tank. 

6 Claims, 3 Drawing Sheets 
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DEVICE FOR STIRRING THE CONTENT OF 
A TANK COMPRISING A BUBBLE 

ELEVATOR 

This application is the US. National Phase of Interna 
tional Application No. PCT/FR98/00359 ?led on Feb. 24, 
1998. 

FIELD OF THE INVENTION 

The invention concerns a device for stirring the content of 
a tank. 

BACKGROUND OF THE INVENTION AND 
BRIEF DESCRIPTION OF THE RELATED ART 

It uses an appliance already employed for this purpose 
and in normal use notably in the nuclear industry: it is 
referred to as a bubble elevator and consists of a generally 
vertical tube, open at its ends, Which also comprises an 
air-inlet tapping at an intermediate height. The bottom end 
is alWays immersed in the liquid in the tank and corresponds 
to a liquid entry opening, Whilst the top end can be emerging 
or immersed according to circumstances and corresponds to 
an opening for ejecting a mixture of air and liquid: this is 
because the air introduced into the tube through the tapping 
rises, entraining With it the liquid occupying the tube, until 
it emerges through the top end, and the ejected liquid is 
replaced by liquid from the tank entering through the bottom 
opening. Bubble elevators do not require the use of moving 
mechanical parts and can therefore be employed even in 
corrosive liquids; they are very effective for stirring and 
homogenising the liquid in the tanks, notably in order to put 
back in suspension any deposits Which have accumulated at 
the bottom of the tank. 

The ef?ciency of a bubble elevator can be de?ned as the 
How of entrained liquid divided by the How of air supplied. 
It is found that it is very variable and depends greatly on the 
degree of immersion, that is to say on the ratio betWeen the 
height separating the air tapping from the level of liquid in 
the tank and the height, Which is invariable, betWeen the air 
tapping and the top of the elevator; the ?rst of these heights 
corresponds in reality to the difference in level betWeen the 
air tapping and the free surface of the liquid. If the liquid is 
?ush With the top of the elevator, the latter is entirely 
immersed and the degree of immersion is 100%; this degree 
decreases as the liquid drops in the tank. It is found that the 
ef?ciency drops rapidly With the degree of immersion and 
that it becomes Zero for a degree of immersion equal to 
approximately 1/3, Which means that the liquid no longer 
emerges at all from the top opening of the elevator. It must 
therefore be accepted that bubble elevators become inop 
erative for tanks With a loW level of liquid. When the level 
in the tank is variable, several elevators of different heights 
are arranged and used separately according to 
circumstances, choosing the one Which for the time being 
Will have the best ef?ciency or the one Which Will open out 
at depths Which Will afford the most complete homogenisa 
tion. HoWever, it is correct to judge that the installation 
becomes complicated. 

SUMMARY OF THE INVENTION 

The subject of the invention is an improved bubble 
elevator Which offers both good ef?ciency and a possibility 
of auxiliary operation in tanks With a loW liquid level. It can 
replace several ordinary elevators. 

This bubble elevator comprises a tube open at a loWer 
liquid entry end, at a top end for ejecting a gas and liquid 
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2 
mixture and at a gas injection tapping at a height interme 
diate betWeen the ends, and is distinguished in that the tube 
also comprises at least one additional opening at an inter 
mediate height betWeen the top end and the air injection 
tapping. This neW opening can serve to suck in an additional 
How of liquid in certain circumstances or on the other hand 
to eject the mixture. A tube is generally connected to this 
opening. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be described in detail With the 
help of the folloWing ?gures, attached for illustrative and 
non-limitative purposes: 

FIG. 1 depicts a bubble elevator according to the 
invention, 

FIGS. 2a to 2d illustrate several operating methods Which 
can be distinguished, and 

FIG. 3 depicts another bubble elevator. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The bubble elevator of FIG. 1 is shoWn housed in a tank 
1 and comprises a main tube 2 open at its bottom end 3 and 
at its top end 4 Where, as is usual, it is curved in the form of 
a crook in order to eject the mixture of elevator gas and 
liquid entrained horiZontally or even doWnWards. An inter 
mediate opening corresponding to the air tapping 5 is 
formed at a short height from the bottom end 3; a 
compressed-air conduit 6 is connected thereto, Which sup 
plies the mixing gas. 

The essential element of the invention consists of an 
additional opening 7 in the main tube 2, situated betWeen the 
tapping 5 and the top end 4 and to Which it is possible to 
connect a connecting tube 8 Which extends from there 
horiZontally or doWnWards, and opens into the tank 1 beloW 
the top end 4. 

It Will be seen that the connecting tube 8 lends itself 
equally Well to the suction of liquid from the tank and to the 
ejection of a mixture. It is good to mention ?rst certain 
geometric characteristics of the elevator and to explain their 
advantage. Thus the main tube broadens toWards the top, 
changing from a diameter D1 at the bottom end 3 to a greater 
diameter D2 at the top end 4. The change in diameter is 
located a little beloW the connecting opening 7 and is abrupt, 
but in correct operation Would be obtained With a progres 
sive variation in diameter over a small height of the main 
tube 2. This arrangement is useful for sucking in liquid 
through the connecting tube 8, since it Was found that a 
smooth main tube With a constant inside diameter Was 
subjected to a uniform ?oW Which Would not make it 
possible to obtain a high additional ?oW through the con 
necting opening 7, Whilst the main tube 2 described here is 
the cause of turbulence Which promotes a suction of liquid 
through the connection tube 8. The difference in level d 
betWeen the section Where the diameter changes from D1 to 
D2, Where the turbulence is produced, and the connecting 
opening 7, must be as small as possible, perhaps a feW 
centimetres; the suction effect Would be reduced or com 
promised if it Were too great. 

Moreover, additional tests, performed With a vieW to 
optimising and reducing the value of the difference in level 
b betWeen the bottom end 3 and the air tapping 30 opening 
5, have shoWn that the empirical values recommended in the 
devices of the prior art, situated in a range of values of 
betWeen 15 and 25 cm, in order to prevent any risk of escape 
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of air downwards through the bottom 3, Which Would reduce 
the performance of the elevator, could be greatly reduced. 

It is possible to give to the difference in level b a value of 
approximately 5 cm for a main tube 2, Without ?nding any 
escape of air, even in increasing the rate of injection through 
the tapping 5 until it is tripled. This possibility of reducing 
the difference in level b is bene?cial since it increases the 
degree of immersion of the elevator, all other things being 
equal, and therefore the range of its operation in tanks With 
a loW level of liquid, since the degree of immersion corre 
sponding to stopping of functioning remains 1/3. Even When 
functioning is possible With a high air tapping 5, its loWering 
increases the ef?ciency of the elevator. 

The diameter D3 of the connecting tube 8, its angle of 
inclination and its length are determined empirically. The 
diameter D3 must be smaller than the diameter D2, and the 
length less than that of the bottom part (of diameter D1 of 
the main tube 2. 

FIG. 2a illustrates a situation Where the tank bottom is 
almost empty but Where a homogenisation of its content is 
all the same sought. The air is supplied at the required rate 
and entrains the liquid present at the bottom of the tube 2 as 
far as the connecting opening 7 before discharging it through 
the connecting tube 8: a functioning of the “?rst stage” of the 
elevator, Which concerns only its bottom part, is therefore 
obtained, Whilst the remainder, lying betWeen the connect 
ing opening 7 and the top end 4, consist of a “second stage” 
Which remains entirely empty for this operating mode apart 
from a leakage of air, since its immersion is too small. 

If the tank ?lls, the state in FIG. 2b can be arrived at, 
Where the liquid level extends as far as the connecting 
opening 7: this functioning remains approximately the same 
as before, all the air and liquid mixture passing through the 
connecting tube 8, except that the mixture is ejected directly 
into the liquid. 

If the tank 1 continues to ?ll, the state in FIG. 2c is arrived 
at, Where the second ejection stage possibly becomes active. 
If the How of air injected remains relatively loW, all the 
liquid sucked in is sent into the tank through the connecting 
tube 8 as before. HoWever, if the air How is increased, the 
How of liquid injected increases also and an increasing part, 
Which rapidly becomes preponderant, passes through the 
second stage and leaves the elevator through the top end 4, 
as in an ordinary elevator. The division of the mixture 
betWeen the tWo stages can assist the homogenisation of the 
liquid by virtue of the stirring produced at several heights. 

If the level of the liquid in the tank rises still further, FIG. 
2a' is arrived at, Where the functioning of the elevator 
changes once again: the circulation of ?uid reverses in the 
connecting tube 8, Which becomes a suction tube With an 
additional liquid ?oW. The suction of the liquid at tWo 
heights further assists a high degree of stirring of the content 
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of the tank, at the same time as an increase in the How of 
liquid entrained in the main tube 2. The connecting opening 
7 then optimises the functioning of the bubble elevator by 
making it possible to suck in and then eject a greater How of 
liquid than in an ordinary elevator, for an identical air ?oW. 

FIG. 3 shoWs that the concept of intermediate ori?ce can 
be extended to a bubble elevator With more than tWo ejection 
stages: the elevator illustrated therein thus has a second 
intermediate ori?ce 17 above the ?rst (referenced 7 as in the 
previous example), and the second connecting tube 18 is 
connected thereto. It is in a descending slope toWards the 
tank 1 as previously, and its diameter D5 can be similar to 
the diameter D3 of the ?rst connecting tube 8 or a little 
greater. The tube 2 then comprises three sections, With 
diameters D1, D2 and D4, Which are connected 7 and 17 
With abrupt or progressive changes in diameter as before. 
The mixture of air and liquid emerges from the elevator 7 
and 17 or through the top end 4 of the tube 2, or several of 
these points at the same time according to the immersion and 
air ?oW, as before. 

What is claimed is: 
1. A device for stirring the liquid content of a tank, 

comprising at least one bubble elevator comprising a tube 
(2) open at a bottom liquid-entry end (3) and at a top end (4) 
for ejecting a mixture of liquid and gas, and a tapping (5) for 
injecting air at a height intermediate betWeen the ends, 
characterised in that the tube (2) also comprises an addi 
tional opening (7) at a height intermediate betWeen the top 
end and the air injection tapping and through Which the 
liquid can be sucked into the tube or be ejected therefrom. 

2. A device for stirring the content of a tank according to 
claim 1, characterised in that the tube is composed of a 
bottom portion ?nishing a little beloW the additional opening 
and a top portion With a larger diameter (D2) than the bottom 
portion. 

3. A device for stirring the content of a tank according to 
claim 2, characterised in that the portions of the tube are 
connected at an abrupt change in diameter. 

4. A device for stirring the content of a tank according to 
claim 2, characterised in that the portions of the tube are 
connected at a progressive change in diameter. 

5. A device for stirring the content of a tank according to 
claim 1, characterised in that a connecting tube (8) is 
connected to the tube (2) at the additional opening (7), the 
connecting tube opening out beloW the top end 

6. A device for stirring the content of a tank according to 
claim 1, characterised by at least one second additional 
opening (17) at a height intermediate betWeen the top end (4) 
of the tube (2) and the air injection tapping (5), the inter 
mediate openings (7, 17) being at different heights. 


